
United States Office of Radiation & EPA 402-R-99-002 

Environmental Protection Indoor Air (6602J) October 1999 

Agency Washington, DC 20460 

Technologically Enhanced 
Naturally Occurring Radioactive 
Materials in the Southwestern 
Copper Belt of Arizona 

N O R MT ET E N O R M

TECHNOLOGICALLY ENHANCED NATURALLY OCCURRING RADIOACTIVE MATERIALS 













































U.S. Environmental Protection Agency

Levels of radioactivity in excess of federal MCLs or Arizona guidelines are shown in bold 

Table 2 

Surface Water Statistical Data (pCi/L) 

Radiochemical Mine Sites Number Min. Max. Avg. Std. Dev. 

Gross Alpha MP,MM,CB,TR,AL,DF,HS,NC 54 0 1240 83.5 188.4 

Gross Beta CB,MP,MM,TR,NC 32 0 128 27.1 34 

U-238 CB,TR,AL,HS,NC 19 0.1 678 83.8 168.2 

U-234 CB,TR,AL,HS,NC 19 0.2 577 80 141.8 

U-235 CB,TR,NC 9 0.04 2.9 1.1 0.9 

Ra-226 CB,MP,NC 29 0 71.8 6.4 13.8 

Ra-228 MP,CB,TR,AL,DF,HS,NC 18 0 55.5 5.6 13.1 

Total-U MP,CB,TR,NC 12 0.01 32.9 6.6 10.9 

Rn-222 MP 3 39 120 68.3 44.9 

Total 8 MINES 195 

Levels of radioactivity in excess of federal MCLs or Arizona guidelines are shown in bold 

Table 3 

Sediment and Soil Statistical Data (pCi/g) 

Radiochemical Mine Sites Number Min. Max. Avg. Std. Dev. 

Gross Alpha AL,DF,HS,MM 25 0.5 395 63.1 90.0 

Gross Beta AL,DF,HS,MM 25 22 248 69.4 52.3 

U-238 AL,DF,HS 20 0.7 63.3 7.9 14.2 

U-234 AL,DF,HS 20 0.9 60.8 10.0 16.6 

Ra-226 AL,DF,HS 20 0.7 82.6 10.4 19.7 

Totals 4 Mines 110 

Levels of radioactivity in excess of federal MCLs or Arizona guidelines are shown in bold 

Table 4 

Process Solutions Statistical Data (pCi/L) 

Radiochemical Mine Sites Number Min. Max. Avg. Std. Dev. 

Gross Alpha MP,MM,MF,SC 43 1.3 8649 1841 1850 

Gross Beta MP,MM,MF 41 3.0 3683 975.6 881.7 

U-238 MF 2 248 1611 929.5 963.8 

U-234 MF 2 254 1745 999.5 1054.3 

U-235 MF 2 11.6 598 304.8 414.7 

Ra-226 MF,SC 4 19.5 193 86.3 79.1 

Ra-228 MF,SC 4 2.0 19 7.8 8.0 

Total-U MF,CS,TB 6 0.8 4362 1895.9 1532.9 

Rn-222 MF,SC 4 243 3760 1805.7 1593.5 
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Figure A: Location Map of TENORM Sites 

V42 Black Dike Mine 

Phoenix 

40 

17 

10

 8 10 

10 

19 

40 40 
V4 Cerbat Mtn. 

Bagdad 

Bisbee/Naco 

San Manuel 

Prescott 

New River 

C
ol

or
ad

o 
R

iv
er

 

Colorado River 

Kingman 

r 

V10 Hillside 

Clifton 

Lake 
Mead 

Three R 

Dam 

Paulden 

Sahuarita 
V50 King Mine 

Florence 

St. Johns 

V49 Sierrita 
Twin Buttes 

Santa 

V52 

S5 
S4 

P3 

P5P7 Grand Canyon 
P8 

128 

127 
S8 

S7 

V1 
P4 

P6 
V5 

S31 

V79 

V78 
V80 

Quartzsite 

V19 V18 

V17 
V16 

V25 

V84 Ajo 

V40 Copper Squaw Mine 

V54 
V56 

V62 

V57, 58 

V51 Gismo Mine
 Group 

V74 

Douglas 

V68 
Wilcox 

V27 

V38 

V34 

V35 

35 

S9 

Payson 

V61 

52 

17 
20 

24 

7
16 8 

4 

N Arizona 

V33 

V31 
V32 

City 
Mine site 

37, 34, 24 

S3 

Miami Globe 
V29 Morenci 

S1 

6, 54, 44, 25 

29 

56 

53 

8 
13 12 

15 
18 

2 

16 

46 

51 

58 

V77 Copper Queen 

Tucson 

Lake Powell 

Safford 

Flagstaff 

Nogales 

Sierra Vista 

Verde Valley 

Yuma 

Mineral Park 

Cruz 

Kayenta 

Holbrook 

V48, V44, V45 

Pinto Valley 

New Cornelia 

0 5 10 20 30 40 50 60 70 80 90 100 

NOTE: Points in the area between Payson Scale in miles 

and Miami-Globe are not to scale. Reference: ADEQ 1990 

TENORM 15 







18 TENORM 

40
00

R
oa

d
4w

d 
R

oa
d

S
tr

ea
m

S
ol

id
s 

S
am

pl
e

M
ou

nt
ai

no
us

R
eg

io
n 

N
 

U
pp

er
 P

oo
l Lo

w
er

 P
oo

l 

F
or

d 

R
oa

d 

2.
1

E
 

D
 

A
 

B
 

U
p

p
er

P
ro

fi
le

S
it

e 
A 10

' 
1-

3'
 

10
' 

P
ro

fi
le

S
it

e 
B

 

A
O

 

A
C

 

A
T 

A
U

 

1'
 

3'
 

B
T

 

B
U

 

R
ig

h
t

B
an

k 

B
ou

ld
er

C
re

ek
 

F
 

G
 

H
 

M
id

d
le

A
re

a

D
is

ch
ar

ge
F

ro
m

 A
di

t
5 

R
oa

d 

B
ui

ld
in

g 

Fi
gu

re
 B

: 
Hi

lls
id

e 
M

in
e/

Bo
ul

de
r C

re
ek

,
Sa

m
pl

e 
Lo

ca
tio

n 
M

ap
 

L
ef

t
B

an
k 

B
C

 

W
ild

er
C

re
ek A
A

 

M
id

dl
e

Lo
w

er

B
ou

ld
er

 C
re

ek
 

R
oa

d 

F
lo

w
 

M
in

e 
A

di
t 

F
 

Lo
ca

tio
n 

M
ap

 

BM
 3

25
2 M

in
e 

S
ha

ft 

1 
5 

0 
1 

M
ile

s

36
00

 

36
00

 

40
00

 

40
00

 

38
00

 

38
00

W
at

er
 S

am
pl

e

Ta
ili

n
g

 

Ta
ili

n
g

s

U
pp

er
Ta

ili
ng

s 

Ta
ili

ng
s 

Ta
ili

ng
s 

Fe
et

 

R
ef

er
en

ce
: 

A
D

E
Q

 4
/1

99
3 

10
00

 
0 

10
00

 
20

00
 

30
00

 
40

00
 

50
00

 
60

00
 

70
00

0 
80

00
 

90
00

 
10

00
0 













24 TENORM

N

T
h

re
e 

R
 M

in
e

S
on

oi
ta

 C
re

ek

A
lu

m
 G

ul
ch

44
00

 ft
.

0 
1 

2 
3

La
ke

P
at

ag
on

ia

Mary 
Kane C

anyo
n

44
00

 ft
.

Maggies

Three R Canyo
n

Canyon
m

ile
s

T
h

re
e 

R
 C

an
yo

n
P

at
ag

on
ia

56
00

 ft
.

2,
5

3,
6

1,
4

R
ef

: A
D

E
Q

 7
/1

99
3

W
at

er
 S

am
pl

e 
P

oi
nt

82

Lo
ca

tio
n 

M
ap

T
h

re
e 

R
 M

in
e

60
0f

t. 
le

ve
l a

di
t

40
0f

t. 
le

ve
l a

di
t

P
riv

at
e 

P
ro

pe
rt

y 
Li

ne

C
or

on
ad

o 
N

at
io

na
l F

or
es

t
W

at
er

sh
ed

 B
ou

nd
ar

y

T
hr

ee
 R

 C
an

yo
n

E
ar

th
en

 D
am

F
lo

w

 5
60

0 
ft

 4
80

0 
ft

T
h

re
e 

R
 M

in
e 

- W
at

er
 A

n
d

 S
ed

im
en

t 
S

am
p

le
s 

o
f 

Ju
ly

 2
7-

28
, 1

99
3

D
ir

t R
oa

d/
4w

d 
Je

ep
 T

ra
il

E
ph

er
m

er
al

 S
tr

ea
m

F
lo

w
in

g 
R

ea
ch

 o
n 

7/
28

/9
3

N 0
50

0
10

00
20

00
 fe

et

2,
5

3,
6

W
at

er
 S

am
pl

e 
P

oi
nt

60
0f

t. 
le

ve
l a

di
t

40
0f

t. 
le

ve
l a

di
t

Lo
w

er
 W

as
te

R
oc

k 
D

um
p

Ta
ili

ng
s

T
h

re
e 

R
 M

in
e 

- 
S

tr
ea

m
b

ed
 S

ed
im

en
ts

, T
ai

lin
g

s 
an

d
W

as
te

 R
o

ck
 S

am
p

le
s 

Ju
ly

 2
8,

 1
99

3

M
id

dl
e 

W
as

te
R

oc
k 

D
um

p

C
on

cr
et

e
F

ou
nd

at
io

n

U
pp

er
 W

as
te

R
oc

k 
D

um
p

0
50

0 
F

ee
t

10
0

52
00

'  
  E

le
va

tio
n 

of
 M

in
e

Ta
ili

ng
s 

or
 W

as
te

 R
oc

k

D
irt

 R
oa

d/
4w

d 
Je

ep
 T

ra
il

E
ph

er
m

er
al

 S
tr

ea
m

3,
6

M
T

Fi
gu

re
 E

:  
Th

re
e 

R 
M

in
e,

 
Sa

m
pl

e 
Lo

ca
tio

n 
M

ap

























36 TENORM 

Lo
ca

tio
n 

M
ap

N
 

S
ca

le
 in

 fe
et

 

0 
10

00
 

20
00

 
30

00
 

40
00

 

M
on

ito
rin

g 
W

el
l 

S
ur

fa
ce

 W
at

er
S

am
pl

e 
Lo

ca
tio

n

H
yd

ro
ge

ol
og

ic
A

re
a 

B
ou

nd
ar

y 

M
in

e 
S

ha
ft

A
di

t

P
ro

sp
ec

t 

R
ef

er
en

ce
: C

yp
ru

s 
10

/1
99

3

M
ou

nt
ai

no
us

R
eg

io
n 

P
it 

R
oc

k
D

um
p

S
ite

 

R
oc

k
D

um
p

S
ite

 

Copper 

Cre
ek

 

But
te

Cre
ek

 

S
W

-1
 

S
W

-2S
W

-3
 

S
W

-4
 

S
W

-5
 

L
aw

le
r 

P
ea

k 

S
W

-8
 

S
W

-9
 

S
W

-7
 

M
W

-4
 

S
W

-6
 

M
W

-2
 

M
W

-1
 

M
W

-3
 

C
oo

pe
r 

C
re

ek

M
es

a 

S
an

de
rs

 M
es

a

C
oo

rs
 L

ak
e 

V
au

gh
n

P
on

d 

x 
40

55
 28

50 x 

x 
33

50
 

39
56

 x
 

40
08

 x
 

42
12 x

 x
37

50

 3
75

0
x

 3
92

0 
x

 x
 4

88
5

x 
41

91

 x
 4

39
9 

Fi
gu

re
 H

: 
La

w
le

r P
ea

k,
 S

am
pl

e 
Lo

ca
tio

n 
M

ap
 





38 TENORM

Vacant  Land

Mainline to Phoenix

Hillside Team Track

South Well
(Dickie Trucking)

North Well
(CBCC)

MW-2A

MW-2

CBCC Property Line

Track #11

Track #5

MW-3
(Point of Compliance)

South 
Concentrate
Storage Slab

Loadout
Facility

Hopper

Oil/Water
Separator

Truck 
Wash

Collection 
Sump

North Storage
Slab

Facility
#1

North
Containment

Facility
#2

Concrete
Sump

O'flow 
Line

Track #7

Southeast
Containment

Facility #4

CBCC Property Line

Secondary 
Berm

Primary 
Berm 

MW-1

Former
Truck 
Wash
Rack

Former
Holding
Pond

N

South 
Containment

Facility #3

38
80

37
00

3800

3750

3880

37
00

Hillside

3800

37
50

37
00

Sa
nt

a 
Fe

3775

3785

3780

3795

3733

3783

3778

3763

3781

3735

3728

3810

38
00

37
50

3695

3695

N��Nz|N

Iron Springs

Prescott

Skull Valley

KirklandHillside

93
SITE

97 96

Bagdad Mine

BagdadM
oj

av
e 

C
ou

nt
y

Ya
va

pa
i C

ou
nt

y

AT
&

S
F

96

Scale

0 10

N��NyzN

Location Map

Monitoring Well

Water Supply Well

Elevation (ft) of Static 
Water Level/Source

Groundwater Flow 
Direction

Groundwater Contour
38

80

3810

Reference: Cyprus 12/1993

Figure I:  Hillside Loadout Facility, Sample Location Map
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